Introduction
The critical ionization velocity (CIV) effect is thought to occur when neutral gas streams through a magnetized plasma, with cross field drift energy exceeding the ionization energy of the gas [Alfven, 1954] Goertz, 1986 Goertz, , 1988 Mobius et al., 1987] indicate that a plasma instability driven by the streaming newly ionized neutrals, heats the plasma electrons to energies in excess of the ionization potential on collisionless timescales. The energetic electrons colliding with the neutrals further ionize the gas, inducing a self supporting discharge. The instability responsible for the efficient energy transfer from the streaming ionized gas molecules to electrons has been identified as the lower hybrid instability.
While laboratory experiments and theory seem to be in relatively good agreement with the above physical description, this is not the case for space tests of the CIV hypothesis [Haerendel, 1982; Newell and Torbert, 1985; Wescott et al., 1986a, b; Kelley et al., 1986] . A review of the observations md the discrepancies with the conventional picture can be found in and Torben [1988] . Outstanding issues concern the primary instability resulting in electron energization, the ionization rates, the scaling with the ambient electron density, and the CIV triggering process. [Papadopoulos, 1991] . In the first case the ion beam will be a barium ion beam moving with the neutral front speed, while in the second it will be an oxygen beam moving with speed faster than the neutral front. Following ignition, the interaction occurs between a barium ion beam and the ambient magnetoplasma.
The dispersion relation given by for such a system has been examined by several authors [Papadopoulos, 1983 Galeev, 198 •r / kzo = L zo.
Of profound significance is that, since the kzo is fixed by the finite size the group velocity Vg of the excited waves should be taken subject to a constan t value of .kz. It is given by 2 = -u -
For frequencies above the lower hybrid frequency, the instability is a backward wave instability (i.e. the group and phase velocities are in opposite directions). The single wave field aligned structure and the backward wavepacket natt• of the unstable waves play a critical role in the interpretation of the observations as well as in the evolution of the interaction. We will discuss them after addressing first the of the electron nonlinearity, which was mostly neglected in previous CIV studies. (6) and (7) is presently underway. We note, here, the similarity of eqs. (6) and (7) to those describing collapse of oblique Langmuir waves [Zakharov, 1984] . The correlation of the ambient density no to the value of E, will be discussed elsewhere. We simply comment here that assuming that the wave energy density E 2 scales linearly with the free energy of the seed ions, i.e. E nsMjU2,where ns is the seed ion density, we expect E --• v/'•. As long as ns is produced by charge exchange or snowplowing ns • no. As a result E •0 x/•o-The CRIT results are consistent with this scaling. In the context of the above theory the differences in the CRIT I and II experiment can be attributed to the lower free energy available for triggering at lower ambient densities.
Quasi-linear theories neglect electron nonlinearit

